Data on how body mass index (BMI), waist circumference (WC) and waist-to-hip ratio (WHR) are associated with body fat in the oldest-old people are scarce. The purpose of this study was to examine if BMI, WC or WHR are associated with leptin, a biological surrogate measure of body fat in 90-year-old people. The data comes from the Vitality 90 þ Study, a prospective population-based study of people living in Tampere, Finland. BMI, WC, WHR and plasma concentration of leptin were available for 160 women and 54 men aged 90 years. BMI and WC had a strong significant positive association with leptin both in women and in men, but WHR was associated with leptin only in men. In conclusion, based on the circulating level of leptin, BMI and WC, and WHR in men, reflect body fat in 90-year-old people, but WHR seems to be a poor indicator of body fat in 90-year-old women.
INTRODUCTION
In younger and middle-aged adults, high body fat is a major public health concern but in the oldest-old low body fat, which reflects malnutrition, is a greater concern. However, aging is accompanied by changes in body composition, 1 and information on how body fat is reflected by body mass index (BMI), waist circumference (WC) and waist-to-hip ratio (WHR) is scarce regarding older adults, and especially the oldest-old. Thus, there is a need to explore how these basic anthropometric measures relate to the level of body fat in the oldest-old.
Imaging techniques such as dual-energy X-ray absorptiometry give an accurate result on percentage of body fat, but some biological parameters can also be used. One such parameter is leptin. This peptide hormone and cytokine is produced primarily by adipocytes, and is closely associated with the amount of body fat.
2 Levels of leptin can also be used in evaluating malnutrition. 3, 4 Leptin concentration was analyzed in our Vitality 90 þ Study, thus we were able to investigate the relations between anthropometrics and estimated body fat surrogate. Specifically, our purpose was to examine the association of BMI, WC and WHR with leptin in 90-year-old people.
SUBJECTS AND METHODS
We used data from the Vitality 90 þ Study. The study population consisted of all people born in 1909-1910 who, according to the local population register, were living in the city of Tampere (n ¼ 535) as of January 2000. The data is described in more detail in our previous paper Lisko et al.
2011.
5 Both home-dwelling and institutionalized people were included, and there were no exclusion criteria. According to the national Population Register Center, 66 individuals died before the beginning of data collection and 42 individuals died before being examined. Altogether, 86 individuals refused to participate, mostly due to poor physical or mental condition, 7 could not be reached, 45 participated in the Vitality 90 þ Study but refused from the blood tests and 75 were lacking at least one of the anthropometric measures or leptin. The final sample of 214 individuals (50% of the eligible population) consisted of individuals who had data in all the anthropometric measures and in leptin (160 women and 54 men). Anthropometric measurements and blood sampling were carried out in the year 2000.
Height was measured to the nearest 1 cm and weight to the nearest 1 kg. BMI was computed as weight in kg divided by height in m 2 . WC was measured midway between the level of the iliac crest and the lowest rib, and hip circumference from the widest part of pelvis. Blood samples were collected in the morning after an overnight fast. Concentration of leptin was analyzed with a Luminex-based multiplex analysis system (Bio-Plex 200 System, Bio-Rad Laboratories, Inc., Hercules, CA, USA) using a Human Serum Adipokine (Panel B) kit, catalog no. HADK2-61K-B, LINCOplex (Linco Research, Inc., St Charles, MO, USA). The assay was performed according to the manufacturer's instructions. Each sample was analyzed as duplicates.
The analyses were performed separately for men and women. The level of leptin was not normally distributed, therefore a log 10 transformation was used. Statistical analyses were carried out with SPSS for Windows (SPSS Inc., Chicago, IL, USA) version 18.0.
RESULTS
Women had higher (Po0.001) levels of leptin than men (Table 1) . In women, BMI (r ¼ 0.587, Po0.001) and WC (r ¼ 0.497, Po0.001) were positively associated with leptin, whereas WHR showed no association (r ¼ 0.085) (Figure 1) . In men, all BMI (r ¼ 0.548, Po0.001), WC (r ¼ 0.665, Po0.001) and WHR (r ¼ 0.411, P ¼ 0.002) were positively associated with leptin ( Figure 1 ).
DISCUSSION
Since its discovery in 1994, 6 leptin has been extensively studied, and one of its multiple characteristics is that it strongly reflects the 1 amount of body fat. 2 According to our investigation, BMI and WC both in women and men, and WHR only in men were strongly associated with the circulating level of leptin among 90-year-old people.
Previous data on the associations between accurate measures of body fat and BMI or WC in older adults, and especially the oldest-old people, are very limited. 7, 8 Regarding WHR, we could not find any studies addressing the association in the oldest-old. Associations between BMI and leptin in the oldest-old have been reported before also, 3, 4 but not between leptin and WC or WHR to our knowledge.
Basically, BMI measures general adiposity, and WC and WHR abdominal adiposity. However, BMI and WC have shown to associate similarly with measured total body fat, 7 and they have also shown to be better indicators of both central and peripheral fat mass than WHR. 9 In our study, WHR in men, but not in women, indicated the level of adiposity. This gender difference may be explained by a longitudinal study by Shimokata et al. 10 in which weight change had large effects on WHR in men but very small effects in women. WHR also reflects gluteal muscle mass, thus both muscle mass and fat mass may be attributable to the difference. Some studies have also reported greater expression of leptin by subcutaneous as compared to visceral adipose tissue, but in other studies no such difference has been found. 11 In conclusion, based on the circulating level of leptin, our results implicate that in the oldest-old women and men BMI and WC, and in the oldest-old men WHR, reflect the level of body fat, but in the oldest-old women WHR is a poor indicator of body fat. Further studies with more accurate body composition measures are needed to explore these associations in more detail. 
